Three species of flies were examined for chilling tolerance from the end of the pupariation to the onset of adult eclosion for the purpose of determining applicability for cold storage. For the housefly, Musca domestica (Diptera, Muscidae), survival to eclosion was affected by developmental stage/age, length of storage, and storage temperature. Houseflies that were closest to having experienced pupariation or the onset of eclosion were the least cold tolerant. For flies stored at 7 or 10°C, age groups placed directly into storage at 36 -72 and 36 -48 h postpupariation, respectively, had significantly higher poststorage eclosion than younger or older age groups. Death was observed after only 2 or 3 days with the chilling intolerant groups while mid-aged groups survived 10 -12 days under cold storage conditions. Damage could be reduced by giving the mid-aged groups chilled at 7 or 10°C recurrent 2-or 3-h recovery periods every 4 days at 28°C. Examination of O 2 consumption throughout the housefly pupal and pharate adult stages showed that the most chilling tolerant groups also had the lowest metabolic activity. Combining a prestorage 17-h slow cooling acclimation interval with the recurrent recovery periods increased eclosion of adults 20% for the 12-to 24-h group after 21 days storage at 7°C. Two blowfly species, Lucilia cuprina and Lucilia sericata (Diptera, Calliphoridae), survived 10°C storage best when given a weekly 4-h recovery period. Survival at 90 days poststorage was nearly 50% for L. cuprina and 80% for L. sericata. Increasing survival under subambient temperatures for all three species appears to relate to whether there is a stage of development which allows cold-induced lowering of metabolism that results in a dormant status best characterized as hibernal quiescence. This study indicates that periodic warming during cold storage increases survival by allowing a chilling intolerant stage to develop to a more tolerant stage and/or by eliminating accumulated toxic metabolites.
Having the capability of storing insects used in pest control programs such as the release of parasitoids and predators or the sterile insect technique (SIT) allows certain economic and management benefits that cannot be realized in programs where mass-reared insects have to be cultured continuously. Accumulating insects to be shipped to distant sites and having a readily accessible reserve for unexpected outbreak situations or use during periods of low plant production caused by equipment breakdown, remodeling, or work stoppage are a few examples where the ability to store insects for 3 months to 1 year would be extremely advantageous.
Using subambient temperature to prolong the shelf-life of laboratory-or factory-reared insects is not a novel idea. Cold storage of insects is an integral part of the mass production of certain parasitoids and predators used for release in biological control programs (16) . Many insects routinely tolerate long periods of cold or even temperatures well below freezing by using inherent freeze avoidant or freeze tolerant mechanisms, while others perish at nonfreezing temperatures after only a relatively short exposure (1, 13, 19) . Further, some insects have one or more developmental stages during which they can survive short-term cold exposure but succumb after chilling is prolonged (13, 19, 24) .
Injury caused by prolonged chilling in the absence of freezing is typically classified as indirect chilling injury (17) , and the causes of such damage are largely unknown but may be connected to irreversible metabolic imbalances involving cellular energetics (22) . This type of injury is contrasted to direct chilling injury or cold shock, which occurs over a period of just minutes to several hours and is manifested by loss of membrane integrity caused by phase transitions in component lipids or by thermoelastic stress (18, 20) .
The purpose of this study was to examine subambient temperature tolerance of three dipteran species following pupariation, characterize the response to chilling, and attempt to increase tolerance to cold storage by manipulating the before and during storage conditions. The housefly, Musca domestica, was primarily used in this investigation rather than the two blowfly species, Lucilia (ϭPhaenicia) sericata and Lucilia cuprina, which were also studied. The pupal and pharate adult stages of the housefly were the shortest and the least cold tolerant of the three species, which allowed a considerably faster turnaround time for conducting experiments involving storage and stage-related low temperature survival.
MATERIALS AND METHODS

Insects
The lengths of time that the strains of the three species of flies used in these studies had been reared under laboratory culture conditions were: M. domestica (Orlando reg.), Ͼ30 years; L. cuprina (Canberra SWT), Ͼ20 years; and L. sericata (Fargo SWT), about 1 year, respectively. The housefly rearing was as described earlier (15) . On the first day of pupariation, all pupariating flies were removed from the rearing buckets and discarded. Thus, the postpupariation times for the insects used in the study were calculated from the time after removal of the first puparia. These insects were kept at 28 Ϯ 1°C and sampled daily to obtain the following age groups: 12-24, 36 -48, 60 -72, 84 -96, and 108 -120 h, respectively. The 0-to 6-h group was obtained by selecting those pupariating insects having untanned pupal cases.
Low Temperature Treatment
For the housefly studies, each treatment group was either divided into 3 sets of 25 or 10 sets of 10 pupae and placed into the containers for storage. Storage containers consisted of selfsealing 50 ϫ 9 mm plastic petri dishes (Falcon #1006). The dishes were then placed into temperature-controlled chambers (Sherer) set at either 7 Ϯ 0.5 or 10 Ϯ 0.5°C and maintained in complete darkness. The insects were removed either daily or at the end of each week up to 4 weeks postpupariation and then placed into a environmentally controlled chamber (Hotpack) set at 28°C with a 16-h photophase until adult emergence was observed. In those groups exhibiting low eclosion, tabulation of survival (adult emergence) was not done until about 1 week after the first emerging flies were observed, so that we were sure that all surviving flies had sufficient time to emerge. Partially eclosed flies or malformed flies were not counted as surviving a treatment regime. However, with some treatment groups malformed flies were recorded to obtain an indication of those flies emerging under storage conditions. These flies were easily discerned from the others because they were unable to inflate their wings while eclosing in the cold. For purposes of comparison, survival is expressed in LT 50 s, which is the amount of time spent at a storage temperature producing a 50% reduction in eclosion.
To examine the effects of recurrent recovery periods given throughout storage at 7 or 10°C, some of the housefly groups were treated with 1 h recovery at 28°C every other or every seventh day while others were given 2 or 3 h recovery at 28°C every fourth day. Control groups remained at either 7 or 10°C for the full duration of storage (21 or 28 days). Further, to determine whether the recovery periods were essential to increased survival during specific times of the storage interval, some groups were held at 7 or 10°C for 12 days before initiating a recovery regime.
The two calliphorid species were collected at the end of the last larval instar during the wan-dering stage after rearing on a meat-based diet under constant low light at 30°C. Groups of 50 or 100 larvae were allowed to pupariate in 800-ml plastic containers filled two-thirds full with Vermiculite and covered with screened lids. These containers with the pupae were then placed directly into cold storage at 10°C. A prepupal dormancy was not displayed by either of these two species under these conditions.
The recovery periods for the two blowfly species were given once a week during the 90-day storage period and for L. sericata the recovery consisted of 4 h at 28°C. For L. cuprina, two additional regimes consisting of either 8 or 12 h/week were also tested and all recovery periods for this insect were at 25°C. In these studies the malformed flies with uninflated wings were also tabulated.
Determination of whether storage under other gaseous environments, nitrogen or oxygen, had beneficial or deterimental effects on survival following the cold storage was done by placing open petri dishes containing housefly pupae in an air-tight Modular Incubator chamber (Billups-Rothenberg, Del Mar, CA, U.S.A.). The chamber was flushed with one of the two gases for several minutes, sealed, and then placed in cold storage for 21 days. Alternate groups were removed from storage, placed into the chamber, and exposed to one of the two gases only during the recovery periods.
Manipulation of the prestorage conditions was done by placing either 12-24 or 36 -48 h postpupariation houseflies into a slow cooling regime. The insects were placed into ventilated cryotubes and cooled from 25 down to 7°C at a rate of 0.017°/min in a Neslab Cryobath controlled by a Neslab MTP-5 Programmer and an Exatrol. The groups of acclimated flies were then placed in 7°C storage and some were additionally treated with a regime of 2 h recovery at 28°C every 4th day for the duration of the 21-day storage period.
Oxygen Consumption Rates
The 1-cc syringe respirometers used in this study were constructed as described by Lee and Baust (14) and Rojas and Leopold (21) . Insects were placed individually into the respirometers and groups of 10 insect-containing respirometers were placed in a water bath set at 7, 10, or 26°C. Respirometers without insects served as the control thermobarometers. A period of 15 min was allowed for equilibration and then the oxygen consumption rates were measured for 1 h at 5-min intervals.
Statistics
Student's t test or the Tukey multiple comparison test (Tables 1, 3 , and 4; Figs. 2 and 3) was used to examine correlation of mean values. SigmaPlot for Windows was used to generate the curves and graphs for the determination of the LT 50 s and other analyses.
RESULTS
The survival of houseflies sampled daily from the end of pupariation to right before adult eclosion was found to be related to developmental age/stage, length of exposure to subambient temperature, and the particular temperature of the exposure. The data in Table 1 show the length of time (days) in storage to reduce adult emergence to 50% (LT 50 ) for each group of flies placed at either 7 or 10°C at different times postpupariation. The LT 50 s of the various groups held at 7°C were highest when the in- 
*
Note. Numbers within columns followed by the same letter are not significantly different (P ϭ .05).
* Adult emergence occurs while in storage with these age groups.
sects were placed in storage at 36 to 72 h postpupariation and at 36 to 48 h when stored at 10°C. However, the LT 50 s of the insects placed in storage at 60 to 96 h at 10°C were nearly equal those placed at 7°C from 36 to 72 h. When held continuously at 7°C, all groups experienced 95-100% mortality after 21 days in storage and the youngest and oldest groups (0 -6 and 108 -120 h) had 100% mortality after only 10 days in storage.
Comparison of the survival curves of all groups held continuously at 7 or 10°C shows that insects placed in storage at the end of, or immediately after, pupariation (0 -6 and 12-24 h) and also those closest to adult eclosion (108 -120 h) experience high mortality after only a few days exposure to the cold temperature ( Fig.  1 ). In contrast, the mid-aged insects from 36 to 96 h postpupariation held at 10°C and 36 to 72 h when held at 7°C display survival curves having ''shoulders'' where little death occurs for 10 or more days, which suggests that damage due to chilling is accumulating before it is latently expressed. It should be pointed out that with the 108-to 120-h-old group some of the insects were able to emerge from their pupal cases at the 10°C storage temperature, albeit without subsequently inflating their wings. Eclosion, normal or abnormal, was not observed when insects of the same age were placed at 7°C and held there.
Because we felt that at least some of the damage caused by chilling was of a cumulative type, we began by giving the 36 -48 and 60 -72 h postpupariation groups recurrent recovery periods at 28°C having different intervals and duration, which we hypothesized would allow time for repair of damage or elimination of toxic products building up during storage. The recovery regimes tested were 1 h/week, 1 h every other day, and 2 or 3 h every fourth day. With the 36 -48 h postpupariation insects stored at 10°C, we gained a significant increase (P Ͻ 0.01) in survival after 21 days of storage in four of the five recurrent recovery regimes tested (Fig. 2) . The only regime that did not differ from controls held continuously at 10°C for 21 days was the one where the insects were given only a 1-h recovery period every 7 days. After 28 days in storage, one of the regimes, giving a 3-h recovery period every 4 days, was found to be significantly better than the other treatment groups (P Ͻ 0.05) except for the group receiving 1 h recovery every other day.
Since the threshold for continued development during the housefly pupal stage was previously determined to be near 10°C (3), we wanted to determine whether the recurrent recovery periods would also yield an increase in survival below this temperature. Each recovery period was only 2 h in duration to reduce the possibility that the time spent at 28°C was allowing a chilling intolerant stage to develop to an age which was more chilling tolerant. Figure 3 shows a comparison of age groups of 12-24, 36 -48, and 60 -72 h that were given a 2-h recovery every fourth day at 28°C and then returned to storage at 7°C. Survival of the chilling intolerant 12-24 h group did not differ from the controls until the third week into storage. Further, at 3 weeks, it did not differ from the 36 -48 h group but was significantly different from the control and the 60 -72 h groups (P Ͻ 0.05). Thus, for the 12-24 h group, the weekly survival assessment showed that from 7 to 21 days little death was occurring and that most of the mortality occurred during the first and fourth week of storage. Survival after 28 days of storage was less than 10% for all groups.
We also wished to ascertain whether regular recovery periods were essential early in storage and whether a larger ''catch-up'' recovery period given at 12 days into storage would effect sufficient repair or elimination of the putative chilling damage that had accumulated up to this time. For houseflies aged 36 -48 h postpupariation placed into 10°C storage, the recovery regime of 3 h every fourth day was used after the catch-up recovery period of 1, 3, 6, or 9 h was given at 12 days. The results in Table 2 show that giving a single recovery dose of either 3, 6, or 9 h was partially effective in increasing survival after 21 days of storage. However, giving the pupae 9-h recovery at 12 days and then con- tinuing on with a regime of 3-h recovery every fourth day was as effective as those given 2-or 3-h recovery periods every fourth day throughout the duration of storage (cf. Table 1 ). Interestingly, the 9-h catch-up dose given at 12 days is the total amount of recovery time the insects would have experienced to that date, had the insects been originally started on the 3 h every fourth day regime when placed into storage.
Houseflies aged 36 -48 h postpupariation experiencing anoxic or oxygen enhanced conditions during storage survived about as well as those exposed to ambient air, as shown in Fig.  4 . The flies held under nitrogen gas the full duration of the storage period showed a slower decrease in survival after 14 and 21 days at 10°C than those exposed to the ambient air but the decrease was not statistically significant. Puparia held under nitrogen only during the 3-h recovery period given every fourth day for 21 days also showed an emergence rate that equaled that of puparia exposed to ambient air; however, after 28 days, emergence favored those held in nitrogen by nearly a threefold margin (23 vs 8%). Those held under an oxygen environment only during the recovery periods did not vary from control levels of survival throughout storage.
Blowfly pupae given only weekly recovery periods survived 10°C storage considerably longer than those of the housefly. L. sericata pupae given a 4 h/week recovery period had an emergence rate of nearly 80%, which was fourfold better than the control rate after 90 days of storage (Table 3 ). However, it should be noted that about 30% of those surviving storage had uninflated wings and thus were emerging while being held at the 10°C temperature.
L. cuprina was given a series of recovery periods consisting of 4, 8, and 12 h/week during storage at 10°C. The 4 h/week regime clearly gave the best emergence, about twofold greater than controls after 60 and 90 days storage, with few abnormal adults after 90 days in storage. Recovery periods of 8 and 12 h/week yielded an emergence after 90 days that was similar to control emergence, of which 45 and 61%, respectively, had uninflated, abnormal wings. The data in Table 4 show the results of combining a prestorage slow-cooling acclimation period with the 2 h every fourth day recovery regime for 21 days for the housefly pupae. The group used in these studies was the 12-24 h postpupariation age. Interestingly, the acclimation step had no effect on the older groups (data not shown). Acclimation of this age group had a significant effect over no acclimation in increasing survival after storage for 21 days (P Ͻ 0.01). Emergence after 21 days for the acclimated groups was about equal to that of the groups given recurrent recovery periods. Combining acclimation with recovery periods gave an increase in emergence after 21 days storage that was greater than either of the two treatments alone, suggesting that the effect of the two treatments was partially additive.
The rates of respiration for the housefly when plotted against age groups throughout development generally follows the contour of a Ushaped curve (Fig. 5) . At 26°C, the respiration rate of the 36 -48 and 60 -72 h groups was 2-to 5-fold less than the younger or older age groups. When held at 10°C (or 7°C; data not shown), all groups had reduced respiration rates, but the middle-aged groups fell to negligible levels which were 10-fold less than either the 0 -6 or the 108 -120 h age groups. The magnitude of the decreased respiratory responses occurring during the 10°C chilling of the 12-24 through 84 -96 h age groups was much greater than that of the 0 -6 and 108 -120 h groups. The decrease in respiratory rates for ages 12 through 96 h ranged from about 11-to 28-fold compared to just 4-to 6-fold for the youngest and oldest groups.
Although it was not in the scope of this study to determine the exact cause(s) for death or inhibition of emergence elicited by the prolonged chilling of houseflies, we observed by placing the earlier stages in storage that death occurred when the apparent fully developed pharate adults were unable to open the operculum of the puparium after removal from cold storage. Thus, it appeared that the stages Ͻ36 h postpupariation were able to continue develop- 
FIG. 5.
Respiration rates of houseflies recorded at 10 and 26°C during pupal and pharate adult stages. ment when removed from storage but were unable to eclose. We observed that after removal from storage some individuals of the mid to older age groups (36 -96 h postpupariation) were able to open the operculum but death also resulted when they were unable to rid themselves of the rest of the puparium. These observations were also generally true for the various groups given recurrent recovery periods.
DISCUSSION
The results of this study clearly indicate an age/stage variation in the response to continuous exposure to storage temperatures of 7 or 10°C with the housefly. The most sensitive developmental stages were the ones closest to the end of pupariation and to the onset of adult eclosion. That these stages are especially sensitive is not surprising since intense developmental activity is occurring during these two time periods. During pupariation the insect undergoes extensive histolysis and histogenesis, whereby there is remodeling of larval tissues and also an assembly of new structures from imaginal discs to ultimately form the definitive adult. Further, preceding emergence from the puparium, the pharate adult activates numerous metabolic and behavioral processes necessary for eclosion and adult life.
Bucher et al. (3) , when examining variation in cold sensitivity of the housefly, found that pupae aged less than 30 h postpupariation were the most susceptible to chilling at 6°C over a period of 5 days. The early stages had the greatest reduction in eclosion and they reported that those approaching adult emergence only displayed a moderate reduction of up to 10%. Examination of our adult emergence curves for the 108 -120 h postpupariation groups stored at either 10 or 7°C shows a similar pattern, but after 6 days of chilling the survival of this particular stage falls off precipitously. This suggests that chilling damage is accumulating and ultimately becomes lethal to many of those insects in this age group between the fifth and sixth day in cold storage.
An earlier investigation revealed that the age groups we found to be the most resistant to the damaging effects of chilling in this study also have the lowest rate of metabolic activity (21) . At ambient temperature, respiration rates of the various age groups monitored from pupariation to right before adult emergence was shown to follow a U-shaped curve, the depth of which fell dramatically upon chilling to 7 or 10°C. It was evident that those groups having the lowest respiration rates were also best able to tolerate storage at either 7 or 10°C. Thus, damage caused by continuous and prolonged chilling of housefly pupae can be minimized by choosing the stage(s) of development having the ability to respond to chilling by significantly reducing respiration.
The significance of respiration rate and chilling tolerance of housefly pupae was investigated in our companion study (21) . In that study we hypothesized that oxidative stress may contribute to the injury caused by prolonged chilling. We measured the enzyme activity of superoxide dismutase (SOD), a scavenger of the superoxide anion, from pupariation to adult emergence and demonstrated that SOD activity was just the reverse of the respiration profile found in the present study. Superoxide dismutase activity was highest in those developmental stages spanning 36 to 94 h postpupariation, which suggests that these groups would be best able to deal with accumulation of reactive oxygen species that might occur during a stress such as prolonged chilling.
The ability of the fly pupae to withstand prolonged chilling may involve initiation of a dormancy response. Dormancy is a typical response invoked by organisms when exposed to adverse conditions. Hibernal quiescence is an immediate-response type of dormancy which is usually expressed in an organism by a lowering of metabolic rate, in some cases to almost undetectable levels. Hibernal quiescence can be elicited by temperature extremes, dehydration, high salt concentrations, and anoxia (24) . It is different from diapause, which is also a dormant state that is usually manifested by some form of developmental arrest. Diapause is elicited by prior conditioning, usually via environmental cues occurring long before the organism enters this period of developmental arrest. Further, diapause can occur linked or separate from any cold hardening phenomena (12) .
L. sericata has been shown by Craig and Cole (8) to enter a larval diapause that is probably maternally induced. A similar developmental arrest occurs in overwintering L. cuprina prepupae, and it was concluded by Dallwitz and Wardhaugh (11) that prior conditioning of the prepupae and/or earlier stages was involved in the induction of an uncharacterized dormancy. Since no prior conditioning was done in our study and chilling was begun after pupariation, it is unlikely that either of the blowfly species were in a diapause state during storage. However, it is possible that all the fly species tested are responding to chilling by entering a dormant quiescent state. Further, if a cold-induced quiescence is occurring in the housefly, it would seem that only the mid-stage puparia are responding since they show significantly greater reductions in respiration rate compared to the puparia at either end of this particular developmental stage.
Our hypothesis that recurring ''recovery'' periods given during storage would allow for repair and/or elimination of accumulated toxic products caused by prolonged chilling of the fly pupae was, in part, substantiated. However, it is evident that the developmental process was not separated from the recovery process when the pupae were placed at the 28°C temperature for the various time periods used in this study. Survival comparisons of the 12-24, 36 -48, and 60 -72 h housefly groups show that when the 12-24 h group was given only a 2-h recovery period every fourth day during 7°C storage (Fig.  4) , the normally precipitous mortality rate flattened out during the second and third weeks of storage. Apparently, some of the housefly pupae were able to develop into a more cold tolerant stage. Conversely, the 60 -72 h group had the lowest 21-day survival of the three treated groups, suggesting that the recovery periods moved this inherently cold tolerant stage into an older pharate adult stage that is less tolerant to chilling. Nevertheless, the 36 -48 h group given either 2 or 3 h recovery every fourth day had significantly higher poststorage survival than either the 36 -48 or the 60 -72 h untreated control groups, showing that recurrent recovery periods reduced some of the chilling damage occurring during storage.
Dallwitz (10) reported that the mean survival time for L. cuprina pupae exposed to 10°C was only 4.33 days, while we obtained 94% survival after 30 days and about 30% after 90 days of continuous exposure to the same temperature. We have no explanation for this wide disparity in survival other than that it may be attributable to differences in rearing or storage conditions (vermiculite vs air-dried soil and/or ambient humidity). It is significant, however, that Dalwitz did observe that pupal development under outdoor conditions could be extended to 46 days (88% adult emergence) when exposed to an average mean temperature of 10.2°C having a range of Ϫ1.5 to 22.7°C. Presumably, the uncontrolled fluctuation in temperature over this period of time slowed the developmental rate similarly to what we observed with our controlled regimes involving exposure to the recurrent recovery periods.
The high number of L. sericata adults eclosing while stored at 10°C for 60 to 90 days suggests that the 4-h recovery periods given each week were too long and/or the storage temperature was too high. One or a combination of these two factors apparently allowed development of this species to a point where eclosion could occur. This was not observed with L. cuprina when it was given only weekly 4-h recovery periods but was observed with the 8-and 12-h recoveries.
Coulson and Bale (6, 7) demonstrated that rapid cold hardening could be induced in the pharate adult stage of the housefly by exposing them to short-term cold acclimation or anoxic conditions. This phenomenon was first demonstrated by Chen et al. (4, 5) in pupae of the fleshfly, Sarcophaga crassipalpis. It was shown that a 2-h exposure to Ϫ10°C was lethal, whereby previous acclimation at 0°C for 2 h allowed survival. Rapid cold hardening is a temporary response and is to be differentiated from the effect we gained with cold acclimation of houseflies in the 12-24 h age group. For example, investigation of the rapid cold hardening response in the pharate adults showed that returning acclimated insects to ambient temperature for only 1 h resulted in the loss of tolerance to a subsequent cold shock (4) . Further, these rapidly cold hardened insects lost their ability to survive when exposure to cold (Ϫ7°C) was extended from 3 to 6 h and it was also found that extending the acclimating regimes more than 3 h were, in fact, lethal. In contrast, our results showed that combining a prestorage cold acclimation regime with recurrent 2-h recovery periods during storage increased survival of the 12-24 h groups. However, it should be pointed out that with our regime the insects remained at the storage temperature for 3 days following the 17-h slow-cooling acclimation from 25 down to 7°C before being exposed to the ambient temperature of the recovery period on the fourth day. Acclimation by slow cooling down to a moderate storage temperature and then holding for 3 days may account for the retention of increased chilling tolerance throughout cold storage even in the presence of warm recovery periods.
Yocum et al. (25) examined the effects of long-term chilling at 2°C on eclosion in the fleshfly, S. crassipalpis. They found that upon return to ambient temperature the rate of pharate adult development was retarded and subsequently there was a failure to execute proper eclosion behavior, mainly expressed by the inability to escape from the puparium. These effects were shown to be dependent on length of cold exposure and it was suggested that a muscular dysfunction was the result of an indirect chilling injury and originated within the muscle tissues or the neuromuscular system. Generally, our observations on eclosion behavior after cold storage were similar to those of Yocum et al. (25) except that with the housefly, we found that the greatest tolerance to chilling was just after the pupal/pharate adult transition while with S. crassipalpis it was before. Interference with adult eclosion by long-term, suboptimal thermal stress has not been thoroughly investigated and whether indirect chilling injury is focused on the neuromuscular system remains to be confirmed. However, by comparison, the mammalian nervous system suffers substantial injury when exposed to long-term low temperature (2) .
Continuous exposure to cold has also been shown to reduce both fecundity and fertility in houseflies (3, 8) . Our preliminary studies indicate that housefly females given recurrent recovery periods during cold storage at 10°C did not experience a reduction in fertility but did produce fewer eggs (data not shown). Depending on the application of the flies after storage, a reduction in fertility or fecundity may not cause a significant problem, especially if the insects were to be used in a sterile release program.
The results presented here indicate that there is differential sensitivity in tolerance to chilling during development from pupa to adulthood in the housefly and that choosing stages with low metabolic rates results in greater post cold storage survival. Giving an acclimation treatment prior to cold storage and/or warm recurrent recovery periods during storage also increases survival after chilling. The time of eclosion appears to be the most evident event at which death occurs for the insects experiencing chilling injury caused by long-term cold storage but the cause of this injury remains yet to be resolved.
